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COMPLETE SPECIFICATION 

Improvements in and relating to Methods of Preparing 
Organogermanium Halides 



We, The Buitish Thomson-Hottston 
CoidPANY IjImited, a British Campany 
having its registered office at Growu 
House, Aldwych, Londoa, W.C.2, do 

5 hereby declare the nature of this inven- 
tion and in what manner the same is to be 
performed, to b© particularly described 
and ascertained in and by the following 
statement: — . 
10 This invention relates ito new and un- 
proved methods for the preparation of 
organogermanium halidea, specifically 
hydrocarbon - substituted germanium 

* halides. 

i" The present invention comprises a 
method whereby organogermanium 
halides, more particularly hydrocarbon- 
substituted germanium halides, e.g., di- 
mathyl germanium dichloride, 

20 [(GH,)aGeCla] 

can be produced by reacting germanium 
and a hydrocarbon halide at elevated 
temperatures. The reaction may be carried 
out in the presence or absence of a metallic 

26 catalyst for the reaction. The germanium 
may be used as such or in the form of 
alloys or mixtures with metals, specifi- 
cally metals that themselves are catalysts 
for the reaction between germanium and 

80 a hydrocarbon halide. 

It was known prior to the invention that 
hydrocarbon halides could be reacted with 
elements other than germanium. For 
example, the reaction of hydrocarbon 

35 balides with silicon is disclosed in Patent 
Specification No. 575,667. Another 
example is the reaction of zinc or the zinc- 
copper couple with alkyl halides to give 
alkyl zinc halides. 

40 Zinc dimethyl also has been prepared 
by heating metallic zino with methyl 
bromide or iodide in a liquid state in a 
sealed tube. All such reactions are liquid- 
phase reac.Hons. 

45 It was also known prior to the inven- 
tion that various hydrocarbon-substituted 
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germanium halides could be produced. 
Jj'or example, G. T. Morgan and D. H. K. 
Drew have prepared stryl germanium 
halides, e.g., triphenyl germanium 50 
bromide, diphenyl germanium dibromide, 
phenyl germanium tribromide and phenyl 
germanium trichloride by efiecting reac- 
tion between germanium tetrachloride 
and a gremt excess of magnesium" phenyl 66 
bromide [J. Chem. Soc., 127, 1760 (1925)] . 
E. A. Kxaus and C. L. Brown have pre- 
pared diphenyl germanium dichloride by 
the chlorination of tetraphenylgermanium 
[J.A.C.S., 52, 3690—6 (1930)1. Tri- 
methyl germanium bromide has Been pre- 
pared by L. M. Dennis and W. I. Patnode 
[J.A.C.S., 62, 2779--82 (1930)]. PinaUy, 
C. A. Kraus and E. A. Flood obtained 
triethyl germanium bromide by efiecting 65 
reaction between germanium tetrabromide 
and a mixture of bromine in ethyl 
bromide. 

Briefly described, the invention resides 
in the improved method of preparing 70 
organogermanium halides, more particu- 
larly hydrocarbon-substituted germanium 
halides, for example, alkyl germanium 
chlorides or bromides, and aryl ger- 
manium chlorides or bromides, which 75 
comprises reacting, at elevated tempera- 
tures, germanium and the hydrocarbon 
halide, for example, an alkyl chloride or 
bromide, or an aryl chloride or bromide. 
In a preferred embodiment of the inven- 
tion, reaction proceeds be^tween the ger- 
manium and the hydrocarbon halide while 
the latter is in a vapour state, and more 
particularly while the said components 
are intimately associated with a metallic 
catalyait (for example, copper or silver) for 
the reaction. For instance, the germanium 
may be in the form of an alloy thereof 
with copper or other metal that has a 
catalytic effect upon the reaction between 
germanium and the hydrocarbon halide. 

One specific method feature of the in- 
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vention is the new and improved method 
of preparing, for example, methyl ger- 
manium cliiorides which comprises bring- 
ing methyl chloride, more particularly 
5 gaseous methyl chloride, into contact with 
a solid mass containing germanium, for 
example, a mass of germanium intimately 
associated with copper, heating the said 
methyl chloride and gerraanium-contain- 

10 ing mass to a temperature sufficiently high 
to promote reacition between the methyl 
chloride and the germanium of the said 
mass and recovering the methyl ger- 
manium chlorides. 

15 Another specific method feature of the 
invention is the method which compiises 
reacting gaseous methyl chloride or other 
hydrocarbon halide in gaseous or vapour 
stOite with germanium intimately associ- 

20 a ted, as by alloying with copper or other 
metallic catalyst for the reaction, said re- 
action being carried out within the tem- 
perature range of 200" to 500** C. or more, 
and recovering the hydrocarbon-sub^ti- 

26 tuted germanium halides; for example, 
tho effluent gaseous products may be 
cooled by suitable means to obtain a con- 
densate comprising hydrocarbon-substi- 
tuted germanium haiides, specifically 

ao methyl germanium chlorides. 

In order that those skilled in ithe art 
better may understand how the present 
invention may be practiced, the following 
illustrative examples thereof are given, 

35 All parts are by weight. 

Example 1, 
A stream of gaseous meithyl chloride 
was passed into a heated tube where it 
came in contact with finely powdered ger- 

40 manium present in the tube. A reaction 
temperature of the order of 460" 0. was 
maintained within ithe tube during the 
l)assage of the methyl chloride. The pro- 
ducts passing from the exit end of the 

46 reaction tube were condensed in a low- 
temperature trap. The condensate was 
distilled and the product boiling above 
25° C. was separated. This fraction was 
identified as containing essentially di- 

50 methyl germanium dichloride 
[(CHU^GeOlj], 
since analysis of this fraction showed that 
it contained approximately 46% chlorine. 
Dimethyl ffermanium dichloride contains 

65 40.85% chJ lorine and methyl germanium 
trichloride (CHsGeClj) contains 54.9%' 
chlorine. This result, [together with the 
fact that the product hydrolyzed to a 
water-soluble oily phase without any pre- 

60 cipitate of germanium dioxide, indicates 
that the product was principally dimathyl 
germanium dichloride. 

Example 2* 
Approximately 85 parts germanium, 

65 which had been previously erashed to a 



fine powder, was mixed thoroughly with 
21 part^ copper powder and the mixture 
of powders pressed into a disc under 
heavy pressure. The disc was broken into 
small pieces and packed into a glass reac- 70 
tion tube. The itube was heated at a tem- 
perature of about 320—360" C. while a 
slow stream of gaseous methyl chloride 
was passed through the tube for about 70 
hours. The reaction products obtained at 75 
the exit end of the (tube were condensed in 
a low-temperature trap. After this time, 
the mixture of germaniimi and copper 
powders was removed from the tube, again 
pressed into a disc, broken into small 80 
pieces, and fired in hydrogen at 705° C. to 
efieqt alloying of the mixture. This alloy 
was broken into small pieces, repacked 
into the reaction tube, the methyl chloride 
passed over the mass at a temperature of 85 
about 320-^60* C. for approximately 120 
hours. 

In all, 132 parts of liquid produQt was 
obtained. This product was fractionally 
distilled to yield about 94 parts of a liquid 90 
boiling at 124° C. Analysis of this frac- 
tion showed that it had 40.84%- chlorine, 
13.75% carbon, 3.40%? hydrogen, and 
41.41%' gemnanium (theoretical for di- 
methyl germanium dichloride is 40.85 %f 95 
chlorine, 13.84% carbon, 3.47%' hydro- 
gen, and 41.82% germanium), indicaiting 
that it was substantially pure dimethyl 
germaniaim dichloride. This compound 
melted at -22" C. and had a density oflOO 
1.488 at 26° C. Hydrolysis of this mate- 
rial gave an oily phase which dissolved in 
an excess of water. The solubility of the 
hydrolyzed product in water makes di- 
methyl germanium dichloride entirely 105 
different from dimethyl silicon dichloride, 
since hydrolysis of the latter compound 
leads to a water-insoluble oil. 

Besides the dimethyl germanium di- 
chloride so recovered and identified, there 110 
was obtained approximately 18 grams of 
material containing methyl germanium 
trichloride and .trimethjrl germanium 
chloride. 

Example 3. ii5 
The germanium-copper alloy, in powder 
form, used in Example 2 was loaded into 
a small reactor tube and the powder was 
exposed to the passage of gaseous ethyl 
chloride at a temperature of approxi- 120 
mately 320° C. The condensate was frac- 
tionally distilled to yield a fraction boil- 
ing bejtween 144° C. (the boiling point of 
diethyl germanium dichloride disclosed in 
the literature) and 175° C. (the boiling 125 
point of ethyl germanium trichloride dis- 
closed in the literature). The chlorine 
content of this fraction was 41.3%, which 
is between .that of ethyl germanium tri- 
chloride (51.2% chlorine) and that of 180 
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diethyl germanium dichloride (35.2% 
chlorine). These data indicate that the 
ethyl chloride had reacted with the ger- 
manium to produce a mixture of ethyl 
5 geirmanium chloridee in which diethyl 
germanium dichloride preponderated. The 
fraction containinff the ethyl germanium 
chlorides was shaken with water. The 
hydrolysis products formed at first an oily 

10 phase which later dissolved in the water 
on continued shaking just as the methyl 
homologue had done. 

. Example 4. 
Mnely ground germanium was 

16 thoroughly mixed with finely ground 
silver powder in a ratio, by weight, of 5 
parts.of the former to 1 part of the latter. 
This mixture was packed into a glass re- 
aqtion tube and fired in air at 650* C. The 

20 tube was then heated at a temperature of 
about 440* C. and monochlorobenzene 
vapour was passed throfugh the heated tube 
maintained at this temperature. Analysis 
of (the condensate showed it to consist 

25 mainly of diphenyl germanium dichloride 
[(CeEL8)jGeCl3] with smaller amounts of 
other phenyl germanium chlorides. The 
products hydrolyzed to the corresponding 
hydroxides- and could be condensed to th.e 

30 corresponding phenyl-substituted ger- 
manium oxides. 

Example 5. 
Approximately 10 parta finely ground 
germanium was mixed thoroughly with 

35 an equal amount of finely divided copper. 
This mixture was packed into a glass tube 
and the tube heated to a temperature of 
about 318* C. Methyl bromide gas was 
passed through the heated tube at a rate 

40 of about 5 cc, per minute for 72 hours. 
During .this period of time, the tempera- 
tiire of the tube varied from about 340 — 
360* C. The vapours issuing from the 
exit end of the tube were condensed in a 

45 low-temperature trap to obtain about 28 
parts of a yellowish liquid. This liquid 
was fractionated to yield a fraction boil- 
ing at about 148—208* C, which on 
further analysis was found to contain tri- 

50 metiiyl germanium bromide, dimethyl 
germanium dibromide and methyl ger- 
manium tribromide. 

It will be understood, of course, by 
those skilled in the art ithe invention is not 

56 limited to the specific hydrocarbon halides 
named in the above illustrative examples 
and that any other hydrocarbon halide 
■ may be employed as a react ant with the 
germanium, ,the conditions of reaction 
GO generally being varied, depending, for 
example, upon the particular starting 
hydrocarbon halide and the ])articular end 
product desired to be obtained. In fj^eneral, 
l^e vapour-phase reactions are preferred 

66 because they can be carried out more 



economically, may be controlled more 
easily and may be directed toward ;the pro- 
duction of the desired organo-germanium 
halides with a minimum of by-products. 

Likewise, the invention is not limited 70 
to the specific temperatures or tempera- 
ture ranges meationed in the examples. 
However, the reaction temperature should 
not be so high as to cause an excessive de- 
position of carbon upon the unreacted 75 
germiinium during the reaction. In 
general, the reaction temperature ,to be 
used will vary with, for example, the par- 
ticular hydrocarbon halide employed, the 
particular catalyst (if any) used and the 80 
yields of the specific reaction products de- 
sired to be obtained from particular start- 
ing hydrocarbon halide, for instance, by 
varying the temperature of reaction with- 
in the temperature range of, say, 200* to 85 
500* C. the proportions of the individual 
product obtained when meithyl chloride is 
brought into contact with germanium can 
be varied and also the overall rate of re- 
action of the methyl chloride. At tempera- 90 
tures of -the order of 200* 0. the reaction 
proceeds much more slowly than at re- 
action temperatures around 250* to 400* 
C. At temperatures much above 450* 0. 
in the case of methyl chloride, for exam- 95 
pie, there is a very great exothermic re- 
action which generaUy results in an -un- 
desirable deposition of carbon in the 
reaction tube. Althougjh methyl ger- 
manium chloride in varying yields can be 100 
produced by effecting reaction between 
methyl chloride and germanium at 
various temperatures within temperafture 
range of 200* to 500* C, optimum results 
usually are obtained within the more 106 
limited range of 250* to 400* C. 

It will also be understood by those 
skilled in the aI^t that metallic catalysts 
other than copper and silver may be em- 
ployed to accelerate or to control the 110 
course of the reaction between the hydro- 
carbon halide and the germanium. 
Examples of such catalysts, in addition ilo 
copper and silver, are nickel, tin, anti- 
mony, manganese and titanium. 1 15 

The present invention provides new and 
improved methods for the production of 
alkyl germaninm halides (as for exam]ple, 
methyl, ethyl, propyl, butyl, amyl, iso- 
amyl, or hexyl germanium halides), the 120 
aryl germanium halides (as for example, 
phenyl germanium halides), jthe aryl-sub- 
stituted aliphatic germanium halides (as 
for example, benzyl germanium halides 
or phenyl ethyl germanium halides), and 125 
the aliphatic-substituted aryl germanium 
halides (as for example, tolyl germanium 
halides). 

The products of this invention have 
utility as intermediates in the preparation 130 



4 



6;i6,39S 



of other products. For instance, they may 
be employed as starting* materials for the 
manufacture of waxy or resinous organo- 
germanium oxides. In addition, hydro- 
5 lysis products of these hydi-ocarbon-sub- 
stitu/ted germanium halides may be used 
as lubricating media for certain applica- 
tions. 

Having now particularly described and 
10 ascertained the nature of our said inven- 
tion and in what manner the same is to be 
performed, we declare that whant we claim 
is — 

1. A method of preparing organo-ger- 
13 manium halides, which comprises react- 
ing germanium and a hydrocarbon halide 
at elevated temperatures. 

2. A method according to Claim 1, in 



which the hydrocarbon halide is in vapour 
form. 20 

3. A method according to Claim 2, in 
which the germanium is mixed with a 
metallic catalyst for the reaction. 

4. A method according to Claim 3, in 
which the catalyst is copper or silver. 25 

5. A method according to Claim 4, in 
which the reaction proceeds at a tempera- 
ture of 200°— ^00"* C. 

6. A method according to Claim 5, in 
which the hydrocarbon halide is malhyl 30 
chloride, ethyl chloride, monochlorobetn- 
25ene, or ethyl bromide. 

Dated this 2nd day of April, 1947. 
A. S. OACHEMAILLE, 
Crown House, Aldwych, London, 'W.C.2, 
Agent for the Applicants. 
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